Abstract. Kappa-carrageenan/locust bean gum interactions at the minimum gelling concentration have been studied by dynamic and viscosity measurements at 15°C. Both rheological methods used have been shown to be complementary. The existence of a weak network structure exhibiting thixotropic behaviour has been observed. The formation of the weak network is discussed.
rheometer which was at 40°C and covered with light oil in order to eliminate dehydration problems. Then, it was cooled to 15°C in few minuteso Ali dynamic and viscosity measurements were performed at 15°C using a Rheometrics Fluids Spectrometer (RFS 11, Rheometric Inc., Piscataway, New Jersey, USA) with a cone and plate geometry (2°cone angle and 500cm diameter)o Dynamic spectra were obtained from measurements within the frequency range 0.01-100 rad/s at a strain amplitude of 0.05. Viscosity measurements were performed by programming the shear rate from Oto 1 S-1 and then going back to O.
Results and discussion
We previously showed from viscosity and viscoelastic dynamic measurements that no gelation takes place in the present experimental conditions (15°C) if the ( k-car concentration is <0.5% (5)0 However, this concentration was lowered to 0.22-0.24% in the case of k-car/LBG blendso Gel formation was not observed at the 0.3% total polymer concentrationo For a total polymer concentration of 0.4%, gelation occurred at the 54/46 mixing ratio (4, 5) . Variations of G' and G" as a function of time of such a mixture are shown in Figure 1 . A slow and continuous increase of both viscoelastic moduli, G' and G", was experienced over the 14 h of the experimento At the beginning of the process, G" was much higher than G' in contrast to what was seen with the 14 h-old system for which G' > G"o Clearly, the system had not reached a steady value at the end of the experiment. These results suggest that the mixture passed progressively from a solution to a gelled system. This point is more dearly illustrated in Figure 2 where the viscoelastic spectrum at t = O h was typical of a macromolecular solution, with G" > G' and a strong dependency of both moduli upon frequency, as we previously reported for a 0.48% k-car system in the same experimental conditions (5) . In contrast, at t = 14 h, G' and G" varied very slightiy with frequency, G' > G" ali along the frequency range except towards the highest frequency, where both parameters tended to be equal. Moreover, G' reached a constant value at low frequency. Such a behaviour is typical of a weak gel (9) o This spectrum was dose to that obtained with k-car alone at 0051%, here { too under the same conditions, with G' at low frequency of the same order (0.2-"' 0.5 Pa). This means that, despite the k-car content in the mixture being half that in k-car alone, a network is obtained which displays viscoelastic properties relatively dose to those exhibited by k-car alone, just beyond the gelling concentration (between 0.48 and 0.51 %) (5) . A point which deserves further discussion is the determination of the sol-gel transition. At first sight, the G'-G" crossover could be taken at the criterion of this transition. However, it is well known that such a criterion would yield relatively different results depending upon the frequency measurement. A better determination of the gel point in such systems can be taken as the time at which the viscoelastic spectrum, that is G'(ú» and G(ú» traces, devi ates from that of a macromolecular solution (5) . Therefore, the results of Figures 1 and 2 are not enough to allow us to determine the gel point with good accuracy.
A rapid and simpler way of investigating those lightiy structured systems may 346 be the perJormance of viscosity measurements at low shear rate as illustrated in Figures 3 and 4 . The curve obtained at the end of the gelling process (14 h) is shown in Figure 3 . Dramatic thixotropic properties were exhibited reflecting the properties of a highly structured system. This may be paralleled with the existence of the network as evidenced by the dynamic spectrum. The curves obtained at intermediate stages (30 min and 3 h) are shown in Figure 4 . Here also, a highly thixotropic behaviour was seen which became more and more pronounced as the system aged. We suggest that since the measurements are not taken under equilibrium conditions, the thixotropic loop is none other than a manifestation of 'stress overshoot'. Hence, the maxima merely reflect the elastic limit of the system. The more developed the network, the lower is its threshold for failure under strain; hence the progressive shift in the maxima on the shear Gum systems at minimum gelling conditions rate axis (Figure 4 ) with time. In Figures 3 and 4 , after the testing procedure a residual stress in the material is observed. This is typical of gelified systems and, like solids, they present a residual stress for a long time even after repose. It must be emphasized that these two last curves ( Figure 4 ) were obtained at times shorter than for the G' -G" crossover. This means that gelation does begin at times much shorter than the time of the crossover and is evidence that further viscoelastic measurements should be required at intermediate times.
Conclusion
The present data are consistent with our previous reports (4, 5) . Gelation in kcar/LBG mixed systems takes place at concentrations far below that required with k-car alone. The sol-gel transition in such systems can be monitored by ) viscosity as well as by dynamic experiments. Thixotropic loops in the first category of methods provide an overall observation of the phenomena. However, the second type of method is more powerful by allowing a complete characterization of the viscoelastic properties of the systems. In general both rheological methods used have been shown to be complementary. The fact that the dynamic spectra of the mixtures are comparable to those of k-car in the vicinity of the sol-gel transition may indicate that the same network is obtained in both cases. It is thus likely that gelation in k-car/LBG mixtures would arise from the formation of a primary network that would originate from gelation of k-car. The peculiar characteristics of these mixed systems should find them applications in liquid food systems for their suspending or stabilizing abilities.
